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Diesel Particulate Filter. 
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METHOD TO OPERATE VEHICLE WITH 
INTERNAL COMBUSTION ENGINE AND 
EXHAUST AFTERTREATMENT SYSTEM 
ACCORDING TO DETECTED DRIVE 

CYCLES 

TECHNICAL FIELD OF THE INVENTION 

[0001] During the operation of vehicles With internal com 
bustion engines, speci?cally electronically controlled heavy 
duty diesel engines, equipped With sensors and aftertreatment 
exhaust systems, it has traditionally been a tradeoff betWeen 
operating the vehicle in urban and highWay settings. During 
normal operation, Which is usually designated as highWay 
cycle operation, the engine and the aftertreatment operate in a 
Way as to maximize fuel economy and after treatment com 
ponent life, as Well as to minimiZe emissions, particularly 
soot and particulate material (PM). To that end, exhaust sys 
tems include diesel particulate ?lters to trap soot and PM and 
hold it for disposal during Diesel Particulate Filter (DPF) 
regeneration cycles. HoWever, during intra-city transits and in 
other operating modes such as operating in an extended idle 
mode beyond a predetermined period of time, higher than 
average engine speed gradients coupled With loWer vehicle 
speed and loW aftertreatment temperatures, the DPF may 
become overburdened With soot and PM, and the light off 
temperature of any Diesel Oxidation Catalyst (DOC) may be 
loWer than the engine controller is programmed to accept to 
initiate a regeneration of the DPF. In addition, during such 
urban driving cycles, the DPF may be regenerated multiple 
times, thereby shortening the life of the component. 
[0002] There is a need to provide for a method to operate 
and engine to detect When the vehicle is operating in an urban 
setting or driving mode and modify the operation of the 
exhaust aftertreatment system as Well as the regeneration of 
the DPF during those periods of time under those conditions. 

BRIEF SUMMARY OF THE INVENTION 

[0003] In one embodiment, the present invention relates to 
a method for operating an internal combustion engine in a 
vehicle. The engine is equipped With an Engine Control Sys 
tem (ECS) With memory, and an exhaust after treatment sys 
tem including sensors, a Diesel Oxidation Catalyst (DOC), 
and a Diesel Particulate Filter (DPF), to detect drive cycle and 
adjust engine aftertreatment operation accordingly. The 
method includes determining Whether an average operating 
parameter is outside a predetermined threshold for a prede 
termined period of time; and applying a multiplier to miles 
driven, time duration and fuel consumed during vehicle 
operation to modify DOC regeneration interval and utiliZe 
loWer DOC light off temperature threshold to regenerate said 
DPF and shorten intervals betWeen DPF regeneration. The 
average operating parameter may be the average engine speed 
gradient above a predetermined threshold for a predeter 
mined period of time, the average vehicle speed beloW a 
predetermined threshold for a predetermined period of time, 
or the average temperature of an aftertreatment device loWer 
than a predetermined threshold for a predetermined period of 
time. The multiplier is a factor designed to cause the control 
ler to perform as if a perceived period of time is greater than 
actual, the miles driven is perceived to be greater than actually 
driven, and the fuel consumed is greater than actually con 
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sumed to shorten any interval betWeen aftertreatment regen 
eration cycles. In one preferred embodiment, the multiplier 
value is approximately 1.25. 
[0004] In another embodiment the present invention relates 
to a method for operating an internal combustion engine in a 
vehicle. The engine is equipped With an Engine Control Sys 
tem (ECS) With memory, and an exhaust after treatment sys 
tem including sensors, a Diesel Oxidation Catalyst (DOC), 
and a Diesel Particulate Filter (DPF), to detect drive cycle and 
adjust engine aftertreatment operation accordingly. The 
method includes: 
[0005] determining Whether an average engine speed gra 
dient is above a predetermined threshold for a predetermined 
period of time; 
[0006] determining Whether an average vehicle speed is 
beloW a predetermined threshold for a predetermined period 
of time; 
[0007] determining Whether an average temperature of an 
aftertreatment component is loWer that a predetermined 
threshold for a predetermined period of time; and 
[0008] applying a multiplier to miles driven, time duration 
and fuel consumed during vehicle operation to modify DOC 
regeneration interval and utiliZe loWer DOC light off tem 
perature threshold to regenerate the DPF and shorten intervals 
betWeen DPF regeneration. 
[0009] The multiplier is a factor designed to cause the con 
troller to perform as if a perceived period of time is greater 
than actual, the miles driven is perceived to be greater than 
actually driven, and the fuel consumed is greater than actually 
consumed to shorten the interval betWeen aftertreatment 
regeneration cycles, and, in a preferred embodiment, is 
approximately 1.25. The loWer DOC light off temperature is 
in a range of about 2750 C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a schematic representation of a vehicle 
equipped With an internal combustion engine according to 
one embodiment off the present invention. 
[0011] FIG. 2 is a softWare ?owchart detailing the steps of 
one method according to one embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
[0012] FIG. 1 illustrates a vehicle poWertrain system 10 in 
accordance With one non-limiting aspect of the present inven 
tion. The system 10 may provide poWer for driving any num 
ber of vehicles, including on-highWay trucks, construction 
equipment, marine vessels, stationary generators, automo 
biles, trucks, tractor-trailers, boats, recreational vehicle, light 
and heavy-duty Work vehicles, and the like. 
[0013] The system 10 may be referred to as an internal 
combustion driven system Wherein fuels, such as gasoline and 
diesel fuels, are burned in a combustion process to provide 
poWer, such as With a spark or compression ignition engine 
14. The engine 14 may be a diesel engine that includes a 
number of cylinders 18 into Which fuel and air are injected for 
ignition as one skilled in the art Will appreciate. The engine 14 
may be a multi-cylinder compression ignition internal com 
bustion engine, such as a 4, 6, 8, 12, 16, or 24 cylinder diesel 
engines, for example. It should be noted, hoWever, that the 
present invention is not limited to a particular type of engine 
or fuel. The engine is cooperatively engaged by transmission 
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11 by a ?ywheel and either a clutch or a torque converter as is 
customary With engines and transmissions. The transmission 
has an ECU 13, Which is in data communication With the 
engine control system, as Will herein after be described. 
[0014] Exhaust gases generated by the engine 14 during 
combustion may be emitted through an exhaust system 20. 
The exhaust system 20 may include any number of features, 
including an exhaust manifold and passageWays to deliver the 
emitted exhaust gases to a particulate ?lter assembly 30, 
Which in the case of diesel engines is commonly referred to as 
a diesel particulate ?lter. Optionally, the system 20 may 
include a turbocharger proximate the exhaust manifold for 
compressing fresh air delivery into the engine 14. The turbo 
charger, for example, may include a turbine 32 and a com 
pressor 34, such as a variable geometry turbocharger (VGT) 
and/ or a turbo compound poWer turbine. Of course, the 
present invention is not limited to exhaust systems having 
turbochargers or the like. 
[0015] The particulate ?lter assembly 30 may be con?g 
ured to capture particulates associated With the combustion 
process. In more detail, the particulate ?lter assembly 30 may 
include an oxidation catalyst (OC) canister 36, Which in 
includes an OC 38, and a particulate ?lter canister 42, Which 
includes a particulate ?lter 44. The canisters 36, 42 may be 
separate components joined together With a clamp or other 
feature such that the canisters 36, 42 may be separated for 
servicing and other operations. Of course, the present inven 
tion is not intended to be limited to this exemplary con?gu 
ration for the particulate ?lter assembly 30. Rather, the 
present invention contemplates the particulate ?lter assembly 
including more or less of these components and features. In 
particular, the present invention contemplates the particulate 
?lter assembly 30 including only the particulate ?lter 44 and 
not necessarily the OC canister 36 or substrate 38 and that the 
particulate ?lter 44 may be located in other portions of the 
exhaust system 20, such as upstream of the turbine 32. 
[0016] The OC 38, Which for diesel engines is commonly 
referred to as a diesel oxidation catalyst, may oxidiZe hydro 
carbons and carbon monoxide included Within the exhaust 
gases so as to increase temperatures at the particulate ?lter 44. 
The particulate ?lter 44 may capture particulates included 
Within the exhaust gases, such as carbon, oil particles, ash, 
and the like, and regenerate the captured particulates if tem 
peratures associated thereWith are suf?ciently high. In accor 
dance With one non-limiting aspect of the present invention, 
one object of the particulate ?lter assembly 30 is to capture 
harmful carbonaceous particles included in the exhaust gases 
and to store these contaminates until temperatures at the 
particulate ?lter 44 favor oxidation of the captured particu 
lates into a gas that can be discharged to the atmosphere. 

[0017] The OC and particulate ?lter canisters 36, 42 may 
include inlets and outlets having de?ned cross-sectional areas 
With expansive portions there betWeen to store the OC 38 and 
particulate ?lter 44, respectively. HoWever, the present inven 
tion contemplates that the canisters 36, 42 and devices therein 
may include any number con?gurations and arrangements for 
oxidiZing emissions and capturing particulates. As such, the 
present invention is not intended to be limited to any particu 
lar con?guration for the particulate ?lter assembly 30. 
[0018] To facilitate oxidiZing the capture particulates, a 
doser 50 may be included to introduce fuel to the exhaust 
gases such that the fuel reacts With the OC 38 and combusts to 
increase temperatures at the particulate ?lter 44, such as to 
facilitate regeneration. For example, one non-limiting aspect 
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of the present invention contemplates controlling the amount 
of fuel injected from the doser as a function of temperatures at 
the particulate ?lter 44 and other system parameters, such as 
air mass ?oW, EGR temperatures, and the like, so as to control 
regeneration. HoWever, the present invention also contem 
plates that fuel may be included Within the exhaust gases 
through other measures, such as by controlling the engine 14 
to emit fuel With the exhaust gases. 

[0019] An air intake system 52 may be included for deliv 
ering fresh air from a fresh air inlet 54 through an air passage 
to an intake manifold for introduction to the engine 14. In 
addition, the system 52 may include an air cooler or charge air 
cooler 56 to cool the fresh air after it is compressed by the 
compressor 34. Optionally, a throttle intake valve 58 may be 
provided to control the How of fresh air to the engine 14. 
Optionally, the throttle intake valve 58 may also be provided 
to control the How of EGR gases to the engine 14 or control 
both fresh air and EGR gases 64 to the engine 14. The throttle 
valve 58 may be a manually or electrically operated valve, 
such as one Which is responsive to a pedal position of a 
throttle pedal operated by a driver of the vehicle. There are 
many variations possible for such an air intake system and the 
present invention is not intended to be limited to any particu 
lar arrangement. Rather, the present invention contemplates 
any number of features and devices for providing fresh air to 
the intake manifold and cylinders, including more or less of 
the foregoing features. 
[0020] An exhaust gas recirculation (EGR) system 64 may 
be optionally provided to recycle exhaust gas to the engine 14 
for mixture With the fresh air. The EGR system 64 may 
selectively introduce a metered portion of the exhaust gasses 
into the engine 14. The EGR system 64, for example, may 
dilute the incoming air charge and loWer peak combustion 
temperatures to reduce the amount of oxides of nitrogen 
produced during combustion. The amount of exhaust gas to 
be re-circulated may be controlled by controlling an EGR 
valve 66 and/or in combination With other features, such as 
the turbocharger. The EGR valve 66 may be a variable ?oW 
valve that is electronically controlled. There are many pos 
sible con?gurations for the controllable EGR valve 66 and 
embodiments of the present invention are not limited to any 
particular structure for the EGR valve 66. 
[0021] The EGR system 64 in one non-limiting aspect of 
the present invention may include an EGR cooler passage 70, 
Which includes an EGR cooler 72, and an EGR cooler bypass 
74. The EGR valve 66 may be provided at the exhaust mani 
fold to meter exhaust gas through one or both of the EGR 
cooler passage 70 and bypass 74. Of course, the present 
invention contemplates that the EGR system 64 may include 
more or less of these features and other features for recycling 
exhaust gas. Accordingly, the present invention is not 
intended to be limited to any one EGR system and contem 
plates the use of other such systems, including more or less of 
these features, such as an EGR system having only one of the 
EGR cooler passage or bypass. 

[0022] A cooling system 80 may be included for cycling the 
engine 14 by cycling coolant there through. The coolant may 
be suf?cient for ?uidly conducting aWay heat generated by 
the engine 14, such as through a radiator. The radiator may 
include a number of ?ns through Which the coolant ?oWs to be 
cooled by air ?oW through an engine housing and/or gener 
ated by a radiator fan directed thereto as one skilled in the art 
Will appreciated. It is contemplated, hoWever, that the present 
invention may include more or less of these features in the 
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cooling system 80 and the present invention is not intended to 
be limited to the exemplary cooling system described above. 
[0023] The cooling system 80 may operate in conjunction 
With a heating system 84. The heating system 84 may include 
a heating core, a heating fan, and a heater valve. The heating 
core may receive heated coolant ?uid from the engine 14 
through the heater valve so that the heating fan, Which may be 
electrically controllable by occupants in a passenger area or 
cab of a vehicle, may bloW air Warmed by the heating core to 
the passengers. For example, the heating fan may be control 
lable at various speeds to control an amount of Warmed air 
bloWn past the heating core Whereby the Warmed air may then 
be distributed through a venting system to the occupants. 
Optionally, sensors and sWitches 86 may be included in the 
passenger area to control the heating demands of the occu 
pants. The sWitches and sensors may include dial or digital 
sWitches for requesting heating and sensors for determining 
Whether the requested heating demand Was met. The present 
invention contemplates that more or less of these features 
may be included in the heating system and is not intended to 
be limited to the exemplary heating system described above. 
[0024] A controller 92, such as an electronic control mod 
ule or engine control module, may be included in the system 
10 to control various operations of the engine 14 and other 
system or subsystems associated thereWith, such as the sen 
sors in the exhaust, EGR, and intake systems. Various sensors 
may be in electrical communication With the controller via 
input/output ports 94. The controller 92 may include a micro 
processor unit (ECU) 98 in communication With various com 
puter readable storage media via a data and control bus 100. 
The computer readable storage media may include any of a 
number of knoWn devices Which function as read only 
memory 102, random access memory 104, and non-volatile 
random access memory 106. A data, diagnostics, and pro 
gramming input and output device 108 may also be selec 
tively connected to the controller via a plug to exchange 
various information therebetWeen. The device 108 may be 
used to change values Within the computer readable storage 
media, such as con?guration settings, calibration variables, 
instructions for EGR, intake, and exhaust systems control and 
others. 

[0025] The system 10 may include an injection mechanism 
114 for controlling fuel and/or air injection for the cylinders 
18. The injection mechanism 114 may be controlled by the 
controller 92 or other controller and comprise any number of 
features, including features for injecting fuel and/or air into a 
common-rail cylinder intake and a unit that injects fuel and/ or 
air into each cylinder individually. For example, the injection 
mechanism 114 may separately and independently control 
the fuel and/or air injected into each cylinder such that each 
cylinder may be separately and independently controlled to 
receive varying amounts of fuel and/ or air or no fuel and/ or air 
at all. Of course, the present invention contemplates that the 
injection mechanism 114 may include more or less of these 
features and is not intended to be limited to the features 
described above. 

[0026] The system 10 may include a valve mechanism 116 
for controlling valve timing of the cylinders 18, such as to 
control air ?oW into and exhaust ?oW out of the cylinders 18. 
The valve mechanism 1 1 6 may be controlled by the controller 
92 or other controller and comprise any number of features, 
including features for selectively and independently opening 
and closing cylinder intake and/or exhaust valves. For 
example, the valve mechanism 116 may independently con 
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trol the exhaust valve timing of each cylinder such that the 
exhaust and/or intake valves may be independently opened 
and closed at controllable intervals, such as With a compres 
sion brake. Of course, the present invention contemplates that 
the valve mechanism may include more or less of these fea 
tures and is not intended to be limited to the features described 
above. 

[0027] In operation, the controller 92 receives signals from 
various engine/vehicle sensors and executes control logic 
embedded in hardWare and/or softWare to control the system 
10. The computer readable storage media may, for example, 
include instructions stored thereon that are executable by the 
controller 92 to perform methods of controlling all features 
and sub-systems in the system 10. The program instructions 
may be executed by the controller in the ECU 98 to control the 
various systems and subsystems of the engine and/or vehicle 
through the input/ output ports 94. In general, the dashed lines 
shoWn in FIG. 1 illustrate the optional sensing and control 
communication betWeen the controller and the various com 
ponents in the poWertrain system. Furthermore, it is appreci 
ated that any number of sensors and features may be associ 
ated With each feature in the system for monitoring and 
controlling the operation thereof. 
[0028] In one non-limiting aspect of the present invention, 
the controller 92 may be the DDEC controller available from 
Detroit Diesel Corporation, Detroit, Mich. Various other fea 
tures of this controller are described in detail in a number of 
Us. patents assigned to Detroit Diesel Corporation. Further, 
the controller may include any of a number of programming 
and processing techniques or strategies to control any feature 
in the system 10. Moreover, the present invention contem 
plates that the system may include more than one controller, 
such as separate controllers for controlling system or sub 
systems, including an exhaust system controller to control 
exhaust gas temperatures, mass ?oW rates, and other features 
associated thereWith. In addition, these controllers may 
include other controllers besides the DDEC controller 
described above. 

[0029] In accordance With one non-limiting aspect of the 
present invention, the controller 92 or other feature, may be 
con?gured for permanently storing emission related fault 
codes in memory that is not accessible to unauthoriZed ser 
vice tools. Authorized service tools may be given access by a 
passWord and in the event access is given, a log is made of the 
event as Well as Whether any changes that are attempted to 
made to the stored fault codes. It is contemplated that any 
number of faults may be stored in permanent memory, or 
reWritable memory, and that preferably such faults are stored 
in reWritable memory. 

[0030] FIG. 2 is a schematic representation of a softWare 
?owchart of one method 118 according to one embodiment of 
the present invention. Speci?cally, step 120 is determining 
Whether the average engine speed gradient is above a prede 
termined threshold for a predetermined period of time. In this 
context, it is necessary to operate the engine for some prede 
termined period of time in order to ensure that the engine is 
operating under real driving conditions. In addition, it is 
necessary to use a predetermined gradient threshold so that as 
the vehicle travels up ad doWn hills or gradients, at some point 
to be predetermined by an operator, the controller under 
stands that the vehicle is operating in a gradient that is beyond 
the predetermined gradient for purposes of this determina 
tion. 
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[0031] If the determination to step 118 is no, the software 
proceeds to step 121, which is, continue to operate the engine 
in normal operating mode. If the determination in step 118 is 
yes, then step 122 is determining whether the average vehicle 
speed is below a predetermined threshold for a predetermined 
period of time. If the determination is no, the software pro 
ceeds to step 121. If the determination is yes, the software 
proceeds to step 124, which is deterring whether the average 
aftertreatment temperature is below a predetermined thresh 
old. If the answer is no, the software proceeds to step 120. If 
the determination is yes, the software proceeds to step 126, 
which is applying a multiplier to the miles traveled, time 
duration and fuel consumed to shorten the regeneration inter 
val and use a lower DOC light off temperature threshold to 
initiate DPF regeneration. Typically, DPF regeneration 
occurs at about 2850 C., however, in this mode of operation, 
the DPP will regenerate at a range of about 275° C. This lower 
temperature will permit regeneration and the multiplier fac 
tor, generally taken as about 1.25, has the effect of increasing 
the actual time, miles traveled and regeneration T to cause the 
controller to initiate the regeneration procedures in a normal 
manner. In addition, since the multiplier factor increases the 
miles traveled, the time and the temperature, the interval 
between regenerations is shortened, thereby contributing to 
increased ef?ciency of the DPP when an urban driving cycle 
is detected. 
[0032] The determinations given above are not to be con 
strued as having to be all present or answered in the af?rma 
tive. Rather, it is contemplated that all the determinations 
given above may have to be in the af?rmative, or that only one 
or any number of them determined to be in the af?rmative in 
order for the methods contemplated to be initiated. 
[0033] Those skilled in the art recogniZe that the words 
used in this speci?cation are words of description, and not 
words of limitation. Many variations and modi?cations will 
become apparent upon a reading of the speci?cation without 
departing fro the scope and spirit of the appended claims. 
What is claimed as new and desired to be protected by 

Letters Patent of the United States is: 
1. A method for operating an internal combustion engine in 

a vehicle, said engine equipped with an Engine Control Sys 
tem (ECS) with memory, and an exhaust after treatment sys 
tem including sensors, a Diesel Oxidation Catalyst (DOC), 
and a Diesel Particulate Filter (DPF), to detect drive cycle and 
adjust engine after‘treatment operation accordingly, compris 
ing: 

determining whether an average operating parameter is 
outside a predetermined threshold for a predetermined 
period of time; and 

applying a multiplier to miles driven, time duration and 
fuel consumed during vehicle operation to modify DOC 
regeneration interval and utiliZe lower DOC light off 
temperature threshold to regenerate said DPF and 
shorten intervals between DPF regeneration. 
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2. The method of claim 1, wherein said average operating 
parameter is average engine speed gradient above a predeter 
mined threshold for a predetermined period of time. 

3. The method of claim 1, wherein said average operating 
parameter is average vehicle speed below a predetermined 
threshold for a predetermined period of time. 

4. The method of claim 1, wherein said average operating 
parameter is average temperature of an after‘treatment device 
lower than a predetermined threshold for a predetermined 
period of time. 

5. The method of claim 1, wherein said multiplier is a factor 
designed to cause the controller to perform as if a perceived 
period of time is greater than actual, the miles driven is 
perceived to be greater than actually driven, and the fuel 
consumed is greater than actually consumed to shorten the 
interval between after‘treatment regeneration cycles. 

6. The method of claim 1, wherein said multiplier value is 
approximately 1.25. 

7. The method of claim 1, wherein said lower DOC light off 
temperature is a range of about 2750 C. 

8. A method for operating an internal combustion engine in 
a vehicle, said engine equipped with an Engine Control Sys 
tem (ECS) with memory, and an exhaust after treatment sys 
tem including sensors, a Diesel Oxidation Catalyst (DOC), 
and a Diesel Particulate Filter (DPF), to detect drive cycle and 
adjust engine after‘treatment operation accordingly, compris 
ing: 

determining whether an average engine speed gradient is 
above a predetermined threshold for a predetermined 
period of time; 

determining whether an average vehicle speed is below a 
predetermined threshold for a predetermined period of 
time; 

determining whether an average temperature of an after 
treatment component is lower that a predetermined 
threshold for a predetermined period of time; and 

applying a multiplier to miles driven, time duration and 
fuel consumed during vehicle operation to modify DOC 
regeneration interval and utiliZe lower DOC light off 
temperature threshold to regenerate said DPF and 
shorten intervals between DPF regeneration. 

9. The method of claim 8, wherein said multiplier is a factor 
designed to cause the controller to perform as if a perceived 
period of time is greater than actual, the miles driven is 
perceived to be greater than actually driven, and the fuel 
consumed is greater than actually consumed to shorten the 
interval between after‘treatment regeneration cycles. 

10. The method of claim 8, wherein said multiplier value is 
approximately 1.25. 

11. The method of claim 8, wherein said lower DOC light 
off temperature is in a range of about 2750 C. 

* * * * * 


